Helicobacter pylori infection is a risk factor for chronic active gastritis, peptic ulcers, gastric carcinoma and lymphoma. Although the infection may be acquired through different transmission routes, the presence and viability of H. pylori in water sources are not well known. Therefore, the aim of our study was to analyse the viability of H. pylori cells in urban surface waters collected at the Vallparadís public park in Terrassa, Barcelona, Spain. The water samples were analysed by viability quantitative polymerase chain reaction (qPCR) using propidium monoazide and specific primers for the H. pylori vacuolating cytotoxin (vacA gene). Viable H. pylori were found in 91.3% of the samples analysed, with an average concentration of 3.46 ± 1.06 log cell 100 mL
INTRODUCTION
Helicobacter pylori is a microaerophilic Gram-negative bacterium that has been estimated to infect the gastric epithelium of half of the human population (Brown ).
Furthermore, H. pylori is considered the causative agent of chronic active gastritis and an important risk factor in the multifactorial aetiology of peptic ulcers, gastric carcinoma and MALT (mucosa-associated lymphoid tissue) lymphoma (Gasparetto et al. ) . Although transmission presumably occurs through faecal-oral and oral-oral routes, the main The aim of this study was to determine the presence of viable H. pylori in urban surface waters using viability qPCR (PMA-qPCR) to understand the role of surface water in the pathogen's transmission and improve our understanding of infection pathways.
MATERIALS AND METHODS

Surface water samples
A total of 23 sampling points were randomly selected along a stream of water in the Terrassa's Vallparadís public park, in Northeast Spain. During the summer of 2014, four samples were taken each day, two in the morning and two in the afternoon, in different arbitrarily chosen parts of the stream. Each sample was collected aseptically in a 50 mL sterile vial and transported to the laboratory at 4 C for subsequent analysis.
In the laboratory the two samples collected in the morning were divided in half; two portions were treated with PMA and two served as controls; the same procedure was then performed for the afternoon samples, for a total of eight subsamples analysed each day. Subsamples were concentrated by centrifugation twice. A first step at 4,000 × g for 30 min was performed to reach a 2 mL volume of concentrate which was placed into a microcentrifuge tube. Afterwards, concentrates were centrifuged at 10,000 × g for 15 min
(Minispin Plus-Eppendorf, Hamburg, Germany). The supernatant was discarded, and pellets were resuspended in 500 μL of phosphate buffered saline (PBS) at pH 7.4 for PMA treatment and DNA extraction.
PMA treatment
Four concentrates from the daily samples were treated with PMA using a modified method (Agustí et al. ) . To produce a final dye concentration of 50 μM, 12.5 μL PMA (GenIUL, Terrassa, Spain) was added to each concentrate.
Samples were incubated for 10 min in the Dark Box System (GenIUL) with occasional mixing and photoactivated for 15 min using the PhAST ® -Blue system (GenIUL).
The other four concentrates did not receive PMA treatment and were used as controls. Subsequently, both sets of concentrates were centrifuged at 10,000 × g for 5 min. The supernatants were discarded and the pellets were resuspended in 200 μL of sterile water.
DNA extraction
For DNA extraction, PMA-treated and non-treated concentrates were processed using the E.Z.N.A. 
Statistical analysis
The statistical analysis was conducted using SPSS for Windows version 20 (SPSS Inc., Chicago, IL, USA). Bacterial concentrations were expressed by the mean and the standard error of the mean. The coefficient of variation was used to compare the degree of variation across groups while the nonparametric, median-based Levene's test was used to compare sample variances between groups (Total cell and Live). A probability (P) value of less than 0.05 was used as criterion of significance.
RESULTS
As shown in Figure 1 , 21 (91%) out of 23 surface water samples were positive for the presence of H. pylori using PMA-qPCR. The total average concentration of H. pylori cells was 4.2 ± 1.52 log cell 100 mL À1 , while the total average concentration of viable cells was 3.46 ± 1.06 log cell 100 mL À1 . However, the results showed that when total concentrations were lower than 3 log cell 100 mL À1 , the concentration of viable cells coincided with the total cells detected. Additionally, it was observed that the samples collected on rainy days contained increased amounts of total H. pylori cells, but when compared with viable cells there was no significant statistical difference.
In order to estimate the degree of variance, the coefficient of variation was estimated for each sampling and is shown in Table 1 .
Although some assays indicated variation, the analysis showed that these differences were not statistically significant (P ¼ 0.372) ( In the present study, bacterial concentration levels ranged from 2.5 to 6 log units per 100 mL. It is important to note that higher bacterial levels were detected in samples collected on rainy days. This could be explained by surface water run-off, which can be caused by stormwater, a leading source of pollution to fresh incoming urban waters. Previous studies have indicated that surface water pollution by faecal bacteria and both inorganic and organic chemicals could be exacerbated following rainfall. Furthermore, precipitation causes a lowering in temperatures and a dilution effect that reduces salinity, and thus, favours the establishment of bacteria, including H. pylori (Gubler et al. ) .
Although the minimum H. pylori infectious dose has not yet been established in humans, some studies suggest that 10 5 CFUs might be close to the minimum infectious dose (Graham et al. ) . In the present study, 21.7% (5/23) of the samples showed viability levels in concentrations over 4 log cell 100 mL
À1
, while 8.7% (2/23) presented viable cell concentrations higher than 5 log cell 100 mL À1 . These levels might be considered an environmental hazard to human health, given that viable coccoid forms are able to maintain their urease activity and preserve their ability to adhere to epithelial cells from gastric mucosa (She et al.
).
In this study, H. pylori sample positivity was the same for both qPCR and PMA-qPCR methods alike. However, when bacterial concentrations were high (>4 log cell 100 mL À1 ), mostly on rainy days, an average difference of 1.7 log cell 100 mL À1 was observed between methods, being higher for qPCR, which might mainly be due to the fraction of dead cells also accounted for by this technique.
Although PMA has been proposed as a more appropriate DNA-intercalating dye with a substantially higher specificity 
CONCLUSION
